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of Bleaching Chemistry

Fundamentals of Ozone
Bleaching
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Purpose

m Minimize potential environmental
impact of bleaching by improving
TCF, ECF sequences

m Optimize efficiency and selectivity of
ozone bleaching

Benefit

m Maximize ozone selectivity for specific
processes

m Understand fundamental reasons for
observed bleaching behavior

m Find factors that control lignin removal and
carbohydrate deterioration for application to
various processes throughout the industry



Related Work

m F013, Environmentally Compatible
Bleaching

m F015, Oxygen-based Bleaching

General Approach

m Find pulping, delignification, and bleaching
sequences that maximize lignin removal and
minimize carbohydrate degradation

m Characterize pulp and dissolved byproducts;
relate chemistry to bleaching behavior and
paper properties



Prior Results

m Efficiency and selectivity of ozone
bleaching depends on prior
delignification methods

m Moderate oxygen delignification
enhances ozone selectivity

Prior Results

m Ozone produces a high proportion of small,
acidic, soluble fragments at low ozone charges.

m However, ozone produces dissolved fragments
with a more uniform molecular weight
distribution than oxygen, which produces more
low molecular weight compounds.

m Oxygen delignification prior to ozonation causes
ozone to produce smaller dissolved fragments.



Goal

m Find and explain the dependence of
ozone bleaching on prior treatments,
including oxygen delignification and
different pulping processes

Approach




Approach

M Analyses
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Results

m After Ozone
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Results
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Results

m Viscosity Loss in K-31 Pulp
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Results
m Viscosity Loss in K-22 Pulp
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Results

m Selectivity of Ozone

8 A
7 ab a
—~ 6 a
0 5 aK-31Z
o a &
o 4 A sK-222Z
3 “e8p *PSAQZ
s 2 $df ism
T
0 : i i ;
0% 20% 40% 60% 80%
Oxygen Delignification
Results
m Selectivity Overall
E 3.5
9 3.0 o
([
9 25 $3¢°20
c LA )
S 0% s K-31Z
c a4 A
s 157 s uem S0 fy g k227
>
3 10T
s ® PSAQZ
g 0.5
= 0.0 : : : :
0% 20% 40% 60% 80%

% Oxygen Delignification

11




Results
m COOH on Pulp
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Results

m Pulp COOH Decrease vs. Number of Scissions
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Summary

m Pulping conditions strongly affect oxygen and
ozone selectivity

m Oxygen delignification causes changes in ozone
~ selectivity

m Ozone selectivity of oxygen delignified pulps
peaks between 40 and 50 % oxygen delignification

- lignin removal improved for high lignin pulps

- viscosity loss inhibited for all pulps

Summary

m Carboxylic acid content on ozonated pulp
decreases with oxygen delignification

m Carboxylic acid decrease may be related to loss of
small, acidic fragments of carbohydrates

m Oxygen pretreatment depolymerizes carbohydrates
and lignin and allows ozone to introduce more
solubilizing carboxylic acid groups

m Oxygen selectively removes phenols in lignin, but
subsequent ozone treatment produces lignin more
similar to the parent structure

14



Future Activity

m Complete the described experiments

m Extend oxygen-ozone studies to more advanced
measures of paper properties (in concert with
Pulping and Bleaching)

m Fully bleach selected sequences and reevaluate
conclusions regarding optimal bleaching
interactions

m Begin mechanistic studies to investigate the
chemistry of oxygen and ozone with lignin and
carbohydrates on a molecular level

Acknowledgments
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m Elizabeth Althen
m Pulping and Bleaching Group

m Chemical Analysis Group
- Ersdel Estridge
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3C NMR analysis of residual lignin isolated from softwood kraft pulp
bleached with 2.5% H,0, at 70°C for 4 h.
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Oxyphosphitylation and *'P NMR analysis of residual lignin isolated from
softwood kraft pulp bleached with 2.5% H,0, at 70°C for 4 h.

g o I
” P LT
Ho 0/©/ M 0
OCH,
OCH,

H

OCH; ° oc

OH Guaiacyl »
- - N
Phenolic H

Condensed i
Phenols ‘\
\
Aliphatic Acids \

Hydroxyl

T
140

33



: : Ty : Jo0LL
L0 'L (€101 L0 d%S'C

ol 0T P

) 1T
OT:0T) I'C| ¥0| ez
) 0°C

(

(
. . ° . ° ° UOOB
1o, 1T (OT0T POl auct
1ol TT (®T0T)TC €0/ renny

sueylowiAer| sobeyur (o13ex) dIjOURY ] 3 urusr]
pasuapuo)) gy 0D | orousyd-uoN [elol,| PPV | [eNPISIY

sjunouy mP&SmM\mmmE vuy dnoio jpuorouny

34

MINN-Dq; Stshypuy wuSy T jpnp1say- G104 ||




NOCHN %S'T

d%G'Z d%STT NDOHN %S0
D0Z  DOIL D0TT  d%ST/D0L D06 D0/ O
_ 0
150
HOUd Te101 I,
oneydiry [elo, N
i .N
1€
O v,
37

ANN-di¢

uiubij

i6/jjoww "aAy

35

sishippuy uuSyT jpnprsay- G104 ||




LU

NOCHN %S'T

d%S L d%STT NDOHN %S0

D0/ D0TT D011 ?m.m_\uﬁ 206 D0Z ov.o
L | 190

[0131eD) + HOD H
1)

<

17l
— 19
HOYJ 18101 s

e

JNN-di¢

sisAjpuy wiuSy jpnp1say- G104 ||

uiubiyj Jo a6jjowiwi "OAY

36




NOCZHN %<1

d%S L d%STT NDHN %S0
-wE UOJ US_H mxm.m\wﬁ UJ@ UQ_B O | 60 wAv
— | | ] | ®
HOYd pP=Suspuo)) m.wu._
A g
5

HOUd [FI0L
4

AqNN-di¢ )

37

s1sfiypuy wuSi jynpisay- 6104 ||




mimmimm

NOCHN %S'T

d%S L d%STT NDHN %S0
D0/ D0TT D0IT  d%ST/D0L D06 D0Z O

goo.o uAv
M m_\ﬁ P
:/:\I - 503
SPY - =

00°L
o
B —
0S’1 nm
oryeydify [eio], =
A 4 ! 00¢ ©@
| =3
06¢ =2

AqNN-di¢

38

sishijpuy uuSyy jpnprsay- G104 ||




dnoi3 Sunyeanoeap<<< (YI-LJ) SPUOIY
pajednfuod-uou ur PaYDILIUS SI UTUS[ [eNpISy ¢

9INn3ona3s UrugI[ [enpisar I9iJe 0} Urdaq AQyuedryrusrs
0, CF UB} 210Ul SUIAOWI UOT}edYTUSI[™P J @

utug1[ renpisal ajqeredwod aaey o3 1eadde
UTU31] JO 9 GF> €D dAOWRI JeY} SUOIHPUOD 9PIXOIRJ @

Suryoes[q 03 JULISISAI SAINIONIS-[ATRIP PIsUsapuo)) @

SUOISNIIUO)) - SUNYIVI]]

39

aprxosa fo sppuamwpund- S0 ||




- sjueuwnjeaxyard

BIA AJIATIORDI 1936 0} 9[qIssod aq AeIA @
 J @duan[jur

AT3uedhyTu3dis urud] [enpisal Jo ainjeN e

"“O°H
0} DAI}OBDI SI UTUSI] 3jeny JO Uonio] @

A SU0130241(]
2NN & SUOISNIIU0)) - SUIYIVI]Y

40

IPLXOAI ..\Q S|pjuomivpung- ¢ 104 \\




Suryoearq pajsissy-org

A43s1113Y )

41

Sunyovalg jo sypjuawvpuny SLoJ |




42



Sjuauajeo.d}ol  oSenj[eoo1uuoH

43

U0110NpPOoLJUT - SULYIVIqg Paisissv-org GI0d \\




suotnierado 1O yua1Ind aaoxdwy -
uonedriddy rergsnpuje

‘Juouwnyeasordorq aaoxdwr
0} 9seuruUeRW /dSeUe[AX JO SN dUTWEXH -

S[e0D) YPTEasY 96-G6 A1@

44

U0110NPOLJUT - SUIYOVI] PIISISSV-01g G10] \\




(@0 46/n1 0°2) N:X L:1 | (a0 46/n1 80) N & (@O 16/NI Z) X B [o;u0)

> oo
69
0L
L.
¢l

idde |

ssaujybug

payoea|q 3a3q pue pajeasyad
dind ey poomyjos 10} sanjeA ssaujybug

| §INSIY ISVUPUUDIN/FSPUD]AY

45

- Suyovarg paisissv-org Gr0d I




d
29 7 1M J0eal 0} UMOUYS SIWaY pajelnjesun -

SpIOe DIUOINUIXIY
urejuod oy readde syuangjjo aseue[AX @

‘soouanbos uryoearq qdogd
10 (] Ioyje 10j A 3utdojdws sdnd
1Jen] pOOM}JOS I0J PIAIISAO S}JoUS]q ON @

| §11S2Y ISPUPUUVIN/2SPUD]AY

46

- Supyovarg parsissv-org 5104 || |




—

sdnJ 13eny SurAJIuSIP(J 1073
SUI9ISAG I0JRIPOJA 9sedde] Jo uoneroldxy

47

UO01JONPOIIUT - SULYIVI] PIISISsv-01g ST0d \\




‘sorpradoird dnd pasoxdur
sordojouda} 3uryoeajq mau dojaas(
uonjedrddy Teisnpuj @

Anysturayd 3uryoea|q arodxa -
WI9)SAs 10jerpawa /asedde] do[aaap -

S[EOD) YoILISIY 96-46 Ad @

48

uoyonpo.nguy - Sunjovalg parstssv-org G104 ||



L

urusI| Q1LgVv .+®mmoomq O%H
"+

urusI|
PAZIPIXQO) SLdV aseooe| LHZ + ‘O

uoryedTu3Ia(J - (SIN1) WRISAG JI0JeIpPalA 9sedde |

uoyonposuy - Sunyovarg papstssv-org 1ol | |




UOI}eIoudD) UOT}RIdUDN)

pucg 1ST
dHN , S1dVv
mAWZ JZ . so  °
IO Ol O
N RO m/ |
uolonpoLjug ,

- Sunovalg parsissv-org :SIroq||




amssaxd ¢Q ou ‘0'p:Hd 4 F¢ :suonipuo)) ‘dxyg

snoJodAjod aezhud -d
:poomjjos :pOOM}JOS ZO
]
O0LE ol
OShH | (Sl
|043U0 9 M r0¢
leniu 5¢
r0¢€
"S9€ 4 eddey

o8e)s-q 29 SIA'T 191Je 1yen] MS

51

S3Insay - Sunovalg paisissv-org GI0d |




$ :1d ¢O 1req o1 :suonipuo)) ‘dxg

MS MS MS
¢0O-3¥sod ¢0O-3id MH P3je|ayd MS

3

el
SN1H
lenyiu|

3% SINT elA sdind 3eay jo uoneayiubileg

52

s3nsay[ - Sumjovalg pazsissv-org :s104lll ] |




SSO| >_—_w00w_> % & :O_umo_n_._cm__mﬂ 0

0
v 1
m% » o , "3
0o =5 T S o [7)
=" o = ® S
0
oL
0¢
0¢€
ov
0S
09

saBueyy uonesyubijeq @ AJIsoISIA

53

S]INSIY - SUIYIVI] PIISISsv-01g G10d \\




lenu| E

uoinjeisodioou] usboaliN

54

S7INSIY - SUYIValyg pPaisissv-org Grod I



A}
- # eddey aures
¥e A(SINT)2O-21d
¥ MS CO-180d -©910N
sorouayd pasuspuod
JO SSOT JUedYTUJIG

Juouwjean SIN'|

Sunyovalg pajsissv-org asvoovT _

J6/jowwi

uiubi [enpisay o Juauo)
J1|oudyd pasusapuod

55

fiapvas [ - sapmis @ yd ||




syiun [Aoerend
S9AOWRI A[yuedIjrudis
yuourjearn SN

MVQNQUQMNMN pa3sisSv-01g ISvIIV’|

16/jowwi

NN N WY

¢’}

utubi| jenpisai
JO jJudju09 |Aoelens

56

fiapvas [ - sapmis ‘ayd |l |




"0
¢'0

LAV
'9°0

spIoe 870
JO uonesauad juedyudig ujubi| [enpisal
JO JUdlUO0D pIoe 21jAXogJie)
JUSW}edI} GIN'| |

M:.Eu@&m Pa1S1SSV-01g] ISVIIVT

16/jowwi

57

ha1vas ‘[ - sapnis ‘qYd \\




3

cO
uey} PIZIPIXo IdYHINJ UtudI] [enpisay @

SpIOe Ul PaydLIUS [eNnpIsay @

sjTun FHOYJ JO [EAOWDI DAISUSIXH @
uonjerodioour-N @

A}IAT}OR[S JUS[[IOXH @

S[e}oUWl 0} DATIISUDS JOU SIA'] @

ATeuIuINgG

58

SAIPNIS SUILYOVI]] ISVIIVT ||




~

SpIOk JIUOINUIX3Y JO AISTWIdY) @
spioe

druoInuaxay 1oy sdnd jyern] usaidg @

suorpoeroyul dind:gNT Apnis @
‘guryoesarq

SIN'T Ul HN JO ALSIuayd suruuexy @

59

Saipnis aining- Suryovalg parsissv-org :G1od | \



A9Teag
sseolq *J
UOSHIV 1

dnorn) reonAreuy [Sd1
1Sd]I Jo seruedwio) IqUIDIN

SINHINOAATMONMIOV

60




The Influence of Selected Organic Solvents on
Chlorine Dioxide and Ozone Pulp Bleaching

Brian N. Brogdon
A490 Thesis Research
to the
Chemical Pulping and Bleaching
Project Advisory Committee
March 20, 1996

< Investigate how select organic solvents/water
solutions affect the dissolution of lignin during
the early stages of bleaching

< Evaluate how changes in fiber swelling affects
bleaching delignification

< Determine if changes in the bleaching medium
can improve bleaching selectivity
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&_ ,,,,, Past Research Results:
Influence of Ethanol in the DE Sequence

SRR

NN

18

EXTRACTION
KAPPA NUMBER

100% Water 100% EtOH 100% Water 100%
inD&E in D/100% in DI100% EtOH in
Water in E EtOHIn E D&E

'''' Testing the Swelling Hypothesis

R0

EEEOOECR N

< See if other de-swelling media cause the same de-
crease in delignification efficiency in the E stage:
e Ba(Cl,
e NaCl
% See if fiber de-swelling by air-drying prior to ex-
traction causes decreased delignification in E stage
% See if the oxidized lignin diffusion coefficient is sub-
stantially reduced in de-swelling media vs. a swell-
ing medium
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§1! ___Past Research Results: Fiber Swelling in
“ Various Media

Swelling
(cm®/o.d. g pulp)

100% 100%  0.01M  0.04M 0.40M  Air-Dried &
Water EtOH BaCl, NaCl NaCl Re-Wetted

Past Research Results: E Stage

i)eligniﬁcation Efficiency in Various Media
N nmaa 2008

—_
3

—
(V)]

p—
w

EXTRACTION
KAPPA NUMBER

9
7
5
100% Water 0.4M NacCl ' 100%
100% Water 0.01M EtOH
(Dried Before E) BaCl,
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Summary of the Swelling Hypothesis

< Fiber de-swelling/lignin entrapment hypothesis is
unable to explain the experimental results for the
various media (delignification performance &
- diffusion coefficient)

< Possible reasons for the hypothesis failure:

o These fragments have MW’s 30 -20,000; the sizes of
these fragments (1.1-4.2 nm) are much smaller than the
pore sizes on the fiber (weight average ~ 6.0 nm)

e Minor changes in fiber pore size (shrinking ~3-7%) will
have minimum influence on the diffusion coefficient

~ _Oxidized Lignin Solubility and Delignification

Performance: Ethanol-Water Solutions
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< Examine high concentrations of ethanol in the D
stage (~90%)

< Examine acid “leaching” of D stage treated pulps

- % Preliminary Results:
e D Stage (27 kappa softwood kraft pulp; ~0.16 KF)
> Aqueous D stage exit kappa of 16.1
>90% EtOH D stage exit kappa of 14.7
e Acid “leaching” (initial 19.3 kappa)
> Aqueous leaching exit kappa 18.1
>90% EtOH leaching exit kappa 15.1

Conclusions

<+ Use of ethanol-water media for a DE bleaching
sequence has mixed results
e Possibly helps the solubilization of oxidized lignin in D Stage
e Hinders oxidized lignin solubilization in E stage

< Oxidized lignin solubility is a significant factor to
consider with an “Organosolv Bleaching” sequence

< Fiber de-swelling/lignin entrapment caused by a
solvent-water medium appears to have little influence
on delignification performance
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< Thesis Advisory Committee
e Dr. Donald R. Dimmel (Co-Advisor)
e Dr. Thomas J. McDonough (Co-Advisor)
e Dr. Patrick S. Bryant

< Dr. Alan W. Rudie for insightful discussions
related to this research

I§ NReceo d
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Project FO13

Environmentally Compatible
Production of Bleached

Chemical Pulp

Goals

» Measure bleachability at fixed kappa and
use to optimize pulping

* Relate lignin structure to bleachability

* Evaluate rapid D, bleaching

» Ozone kinetics for improved selectivity

* Delignification and pulp properties

 Toxicity of C- vs. D- effluents
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Defining Bleachability

* Ease of removal of lignin under a specified
set of conditions from pulp of a given
kappa number

» Determined by character of lignin, as
opposed to amount of lignin in the pulp

Measuring Bleachability
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Measuring Bleachability

* Full sequence bleaching, with
measurement of chemical consumption for
a given final brightness

* Partial sequence bleaching with some
measurement that can serve as a predictor
of full-sequence bleachability

» Measurement of a pulp property that
correlates with full-sequence bleachability

Candidate Bleachability Measures
in D,(EOP) and D E Sequences

* Measurements after * Measurements after
the D, stage D,(EOP) or D,E
— Residual — Kappa no.
— Kappa No. — Delignification
— Delignification — Brightness

— Brightness — Brightness Increase
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Candidate Bleachability Measures in
D,(EOP)D, and D,ED,Sequences

» End-of-sequence measurements
— Brightness with 0.25% CIO, in D,
— Brightness with 0.50% ClO, in D,
— Brightness with 1.00% ClO, in D,

— Brightness increments per incremental C10,
addition

Assessing D, Stage Residual as
a Bleachability Predictor

Mean Resid., Krat ~ 0.017  0.055
«“ “ ASAQ 0.025 0.125

t-Statistic -1.5 -9.9

Confidence Level <95 99.5

pa <13 2.3
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Potentially Useful Measures of
ECF Bleachability

Kraft ASAQ poa

High KF D, Resid. 0.055 0.125 2.3
Low KF Dy Delig., % 9.0 17.1 2.7

High NaOH D,E 65 73 2.5
Delig., %

ECF Bleachability Hypothesis

 Changing the pulping conditions used to reach
a given unbleached kappa number can:

— change the kinetics of the reaction of the residual
lignin with Cl10O, and

— change the course and stoichiometry of the
reaction
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Plans: Measuring Bleachability

* Select conditions for, and prepare, pulps of
widely differing bleachability

» Optimize ECF bleaching of each and
quantify bleachability

* Correlate with predictors

* Identify new predictors (rate and
stoichiometry parameters, residual lignin
structural indicators)

Bleachability Differences Between
Different Kraft Pulp Types

Conventional vs. EMCC®
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Kappa Number after D, Stage

14

13 -

12 |

11 +

10 -

L ()] N ~ (-]
T T T T

Pulps Investigated

» Conventional Kraft » Simulated EMCC

—-C28 —E29
- Cl18 —EI18
—E14
Conventional
Modified
10 15 20 25

Unbleached Kappa Number

75
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Kappa Number after Dy(EO)

Total Active Chlorine per Kappa Uni

4.50

35

Conventional
4.00 |
3.50 |
3.00 -
Modified
250 |
2.00 ! L L .
10 15 20 25 30

Unbleached Kappa Number
0.240
0.235 |
0.230 L Conventional
0.225 |
0.220

Modified
0.215 |
0.210 |
0.205 . .
10 15 20 25 30 35
Unbleached Kappa Number
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Brightness Gain

Squares: Modified Pulps

Diamonds: Conventional Pulps

| ! | |

0.2

T

0.4 0.6 0.8 1.0
ClO2 Consumed in D1 Stage, %

y = b, +b,[1- exp(-b,x)]

bo

b,

bo+b1

b

brightness after D,

ClO; charge in D,

brightness entering D,
maximum brightness gain in D,

brightness ceiling for given D, ClO,
charge

D, response factor characterizing rate of

approach to brightness ceiling as ClO,
charge is increased
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Brightness After D2 Stage

©
(3]

. %
90 L e.’.ig..o..e  sasaad N ALAAAAAAAAAAABAAAAAAAAAAAAAAAAAAAAAALAA Ranasnsanaa
° Jprvvryyss & +
00° .20 + -
027 LAttt memememme M .
° ——
° 2 m— 0000 AAAAALL
°°® NS . _em=Trgeueseesett AAAAAAAAAAAAAAAAAAAAAAEAAA 484
A —-——ee0® AALLA
To° a® —=geee®’ ansassass
= A
R _m5pe® aasodet . C284
- A
W8 - ..-i e » C28-2
a - o* vt
a <" 9 NS a
804 e e
e S x C18-2
. Al
PR ) a2 .
- AAA + E2941
o 8 . E29-2
751 o 4
e 0 -
Lo’ o E1841
2 o E18-2
A a
70 & x E1441
< E14-2
e
65 : 1 L 1 1
} T

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
%Cl0O2 in D2 Stage

Bleachability: Kappa 28-29 Pulps

0.9

Conventional EMCC"

(EO) Kappa 3.8 3.3

Brightness Ceiling 89.0 89.9

Total Kappa Factor (88 0.340

Brightness)

0.324
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Bleachability: Kappa 18 Pulps

Conventional EMCC"~

(EO) Kappa 3.8 3.0

* Brightness Ceiling 88.7 90.2
Total Kappa Factor (88 0.399 0.342
Brightness)

Summary - Bleachability Differences
Between Different Kraft Pulp Types

« At a given unbleached kappa number:
—EMCC is more readily delignified in D(EO)

—EMCC has higher brightness ceiling
—EMCC consumes less chemical overall
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Total Active Chlorine per Kappa

Képpa Number

Unit

80

70

60

50

40

30

20

10

0

1000

2000 3000 4000
H-Factor

5000

6000

0.28

0.275 +
0.27 +
0.265
0.26
0.255
0.25
0.245 L
0.24

0.235 +

0.23

Nonuniform

10

15

!
T T

20 25
Unbleached Kappa Number

80

30

35



Brightness

32

30 -
e 28+
R
w 26+
(7]
[}
S 24/
=
2
o 22+
20 L
18 : : 1 { 1
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89 | . x o
88 L ) < *
87 L xa ° . ° X °
86 | .
°x .l - a
85 T [ - . a
R 3 ST
83 + x Series4 Series5
a HEA13 NU28
82 z : : : { -
0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80

ClO2 Consumed in D2 Stage, %
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Summary: Effects of Effective Alkali
and H-Factor on Bleachability

* Increasing EA at high UK increases specific
chemical consumption in D,(EO) suggesting that
low H contributes to poor bleachability

» Low EA pulps have lower brightness but better
response in D,

e Increasing EA at low UK sharply improved D,
response; low EA, low UK pulps respond poorly

* Increasing EA at high UK worsens D, response

Pulping and Bleachability
Hypotheses

®There exist structural features of residual lignin that
beneficially affect bleachability

@These features may be created or destroyed in
reactions whose rates may be beneficially altered by
controlling pulping conditions

®These features include phenolic hydroxyls, interunit
ether linkages, and carboxyls

@The brightness ceiling is due to structures whose
formation can be controlled during pulping
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Total Active Chlorine per Kappa

Unit

Effects of Pulp Uniformity on
Bleachability

0.28

0.275 L
0.27 +
0.265
0.26
0.255
0.25 ©
0.245 -
0.24

0.235 -

0.23

22%EA
16% EA
Nonuniform
10 15 20 25 30

Unbleached Kappa Number

83

35



Brightness

32

30 4
£ 28
3]
o 26
]
Q
E 221
S
=)
@ 221

20

18 } t t t f

0.7 0.8 0.9 1 11 1.2 1.3
ClO2 Consumed in D1 Stage, %
90
89 - § x .
88 | i .« "
87 + xa ° ¢ X Ao
86 | .
85 | . . .,
84 | ﬂo AA o Series1 Series2 Series3
Uea2s  Leaa  AEA29
83 - < Series4  SeriesS
s HEA13  NU28
82 } t t T T }
0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80

Cl02 Consumed in D2 Stage, %

84



Summary: Effects of Pulp
Uniformity on Bleachability

 Nonuniform pulp is not necessarily more
difficult to bleach then uniform pulp

» More work is needed to confirm this
observation, especially bleaching of the
pure component pulps of the synthetic
nonuniform pulp

Short Retention Time CI1O,
Delignification

“Rapid D, Bleaching”

85



Rapid D, Bleaching:
Previous Results
» Improvement in amount and character of

AOX formed

* Brightness penalty after OD,(EOP)D;, to
approximately 85 brightness is less than 1
point when Dy KF is 0.10

* There is little need for a D, bleach tower if
mixing is very good

Rapid D, Bleaching:
Recent Work

» Effects of D, retention time (RT) and KF
were studied in full bleaching by
D,(EOP)D,(EP)D,

* Brightness penalty is about 1 point at 0.1

KF but practically disappears at 0.15 and
0.2 KF

¢ Modest improvements in AOX and Cl/C
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Rapid D, Bleaching:
Conclusion

» This technology is ready to be tried in the
mill

87
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Topics

m Overview

B Benefits of carry-over when closing up
B General chemical equilibria model

B Measuring equilibrium constants

B Summary

Keeping the Closed Mill
Open and Profitable

m Environmental pressures are forcing
mills towards low-effluent
operations

B The process technology to achieve
low-effluent operations will not be
the same for every company or every
mill

m Mills need better tools to evaluate
their alternatives

90



Expected Results

B Optimum low-effluent mill design
will allow mills to meet their
environmental targets and to still be
profitable

B IPST’s research program will
provide member companies with the
data and the design tools to
implement mill closure

Low-Effluent Mills

B Low-effluent mills reduce fresh water
use and its subsequent discharge by
reusing water internally within the
process

B Reduces pollution load to the
environment

m Can result in an increased NPE
concentrations
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Nonprocess Elements
(NPEs)

M Trace contaminants which enter the
process primarily with the wood

B Keeping NPEs out of the process is
impractical

B Build-up of NPEs can increase
manufacturing costs and reduce

product quality

IPST Research Program

m Mill studies of NPE behavior

m Lab studies characterizing the
behavior of NPE's

B New validated NPE simulation
models

W Assist mills in the use of these new
simulation tools to implement
successful mill closure
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Topics

m Overview

» Benefits of carry-over when closing up
B General chemical equilibria model

B Measuring equilibrium constants

B Summary

Benefits of Carry-over when
Closing the Bleach Plant

m Carry-over or carry-back of dissolved
solids into the A or Q stage improves
metals removal

B The concentration of Na in A or Q stage
can increase by factor of 30 when closing

B Dissolved organics irreversibly bind to
cations under acidic conditions

m Colloidal suspension of organically
bound metals follow the filtrate split in
washing
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Previous Carry-over Studies

Percent Manganese
Redeposited on Pulp

a 2.0 to 11.5 pH, no chelant
= 5.5to 11.5 pH with 0.4% DTPA

WBL as %Total Dilution

Bryant, P.S. and Edwards, L.L., Tappi J., ‘Manganese Removal in Closed Kraft Mill
Bleach Plants”, 77(2), p. 137 (1994).

Impact of Carry-over on Mn

50.00 -

40.00 -

; 30.00

Bound Manganese
mg/kg o.d. fiber

Initial Concentration
52 ppm

——No WBL
---2.5% WBL Acid
-—2.5% WBL Alkaline

20.00 -
10.00 - b_\‘_\
0.00 t u + + + + 1
15 2.0 25 3.0 35 4.0 4.5 5.0

Initial Slurry pH
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Impact of Carry-over on Mg

450.00 - Initial Concentration

415 ppm
40000 ] ~ """ T T T mmmmm—m—mm——————m————————-— -
350.00 - ——No WBL
——2.5% WBL Acid
E _ 300.00 -
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5 D 20000
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Impact of Carry-over on Ca

Initial Concentration
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—+No WBL
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--2.5% WBL Alkaline
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i
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200.00 -
0.00 } l + + + + {
15 2.0 25 3.0 35 40 45 5.0

Initial Slurry pH
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Implications of Carry-over
Studies

B Na* can be used in place of H* to aid in
metal removal

W Acidified dissolved organics can be used
to “scavenge” cations

B Further studies are needed to determine if
“natural partitioning” of metals can be
enhanced using this knowledge

‘Topics

m Overview

B Benefits of carry-over when closing up
» General chemical equilibria model

B Measuring equilibrium constants

B Summary
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B Predicting concentrations of NPEs in process
streams by simulation will be an important
aspect of designing low-effluent mills

m Previous modeling technology has focused
on fiber, process elements and dissolved
organics

m Alternative purge levels and process
configurations for NPE control are not easily
evaluated today

Predictive Equilibrium Model

m Initial beta version of general chemical
equilibria model released Fall 1995

m Final release of version 1.0 scheduled for
August 1996
m Future version enhancements

> Improved pulp and DOM formation
constants

> Improved activity coefficient estimations
> Gas solubility's and Redox reactions
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Topics

B Overview

B Benefits of carry-over when closing up
B General chemical equilibria model

» Measuring equilibrium constants

B Summary

Measurement of Pulp/Cation
Equilibrium Constants

m Previously, pulp/cation equilibrium constants
have been “tuned” using data from multi-
component sorption experiments

m New student studies are underway to develop a
technique that will determine binary system
equilibrium constants

> Eddie Gravely, first year M.S. student

m Sensitivity of the equilibrium constants to
commercial pulp properties and to physical
properties of the slurry will be evaluated
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Measurement of Pulp/Cation
Equmbrlum Constants

B Determination of equilibrium constants
by single cation titration

B Measurement of pulp binding sites by
conductometric titration

B Measurement of unbound cations by ion
selective probes

m Calculation of bound cations by mass
balance

Measurement of DOM/Cation
Equilibrium Constants

m Student studies are underway to develop a
technique that will determine binary system
equilibrium constants

> Ryan Mills second year M.S. student

B Determination of DOM/cation equilibrium
constants is difficult

®m pH must remain high or lignin will precipitate

® Separation of bound cations from free not
possible
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Measurement of DOM/Cation

® WBL is pretreated with a ion-exchange resin
to remove all cations except Na* and H*

B Determination of equilibrium constants by
single cation titration

B Measurement of unbound cations by ion
selective probes

B Measurement of bound cations and total
binding site by mass balance

25 +

2.0 +

L4
1.5 +o
1.0 +

0.5 -

Bound Calcium
(equiv/kg dry solids)

0.0

0 100 200 300 400 500

Free Calcium
(mg/liter of solution)
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H Overview

B Benefits of carry-over when closing up
B General chemical equilibria model

B Measuring equilibrium constants

» Summary

Summary

m NPE Control Technology is Required to
Achieve Significant Mill Closure

B Understanding NPE Behavior Within
the Pulp and Paper Mill is Key to Their
Management and Control

m IPST Has a Strong Research Program in
Place that Will Provide Member
Companies With Data and Process
Design Tools to Evaluate Mill Closure
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Project FO17

Novel Metals Management
Methods
With an Emphasis on Iron

Annual Project Review:
March 20, 1996

Project Staif

Alan Rudie

Fadi Chakar, M.S. 1995
(Independent Study, Lab)

Giselle Ow Yang,
M.S. Candidate, 1996.
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Objective:

» Evaluate novel metals removal
strategies, with an emphasis on
improving the removal efficiency
of iron.

» Determine the nature of "hard-
to-remove" iron in pulp.

Iron and Manganese Removal
Fraction of original metal after treatment

Fraction Remaining

1.2
1
0.8
0.6 ............... O ............................................
0.4() ...............................................................

02 ...............................................................
Manganese

(o
1.5 2 25 3 35 4 45 5 55 6 65 7
pH

Samples treated with sulfuric acid for 30 minutes and 55°C.
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Bleach Plant Metal Profile
OC/DEPDED

ppm

X X X
CRCIRCIIC g
00"' S F 3 9
Q‘& QQ N

Bryant, P.A., Proceedings, 1994 Int. Non-Chlorine Bleaching Conference

Novel Metals Removal Methods
Fluoride and Acetylacetone

¢ Fluoride has a high affinity for iron:
The stability constant is 10° compared

to 10? for Sulfate, 30 for Chloride and
10° for acetate.

e 2 4-pentanedione has an even higher
affinity for iron. The stability

constant of 10" competes with
hydroxide at 10'2.
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tris(2,4-pentanedione)iron(III)

CH, H
\C _c
NN
HSC\ O !"/C"CHa
_p 0O
H- :I, >Fe{
AN O
;L ° ¢ Ye—cn,
e /C\(/clz/
H3C \
H

Evaluation of metals removal
using an OZEP bleaching sequence

e Pulps were oxygen bleached to a
10 Kappa.

e Samples were pretreated with acid,
acetylacetone, or fluoride.

e Samples were bleached with 0.7%
ozone and extracted.

e Samples were final bleached using
4 levels of hydrogen peroxide.
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OQZEP Bleaching Results

Using the different metals removal methods.

o o0 o0
N A O O

Tappi Brightness
% co

g
co

0 0.5 1 1.5 2
Peroxide Charge, % on OD pulp
Fadi Chakar, A-280 Pulping and Bleaching Laboratory

Metals Removal Efficiency
Comparison of novel methods to sulfuric acid

e Pulp was treated with acetylacetone or
potassium fluoride over a range in pH.

e Results are compared to metals control
with sulfuric acid.
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Residual Iron on pulp after
treatment using the various methods

< H2 SO,
® Acac

A KF

Evaluation of metals
removal by distillation.

¢ Neutral metal acetylacetonate complexes
can be distilled.

e Efficiency of metals removal from
filtrates was evaluated by distilling

off 1%, 5% and 10% of a sulfuric acid
wash filtrate.
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Metals Removal
Concentration in Distillate

ml (%) Fe Mn Cu

- 51%) 05 O 0
25 (5%) 15 0 04
50 (10%) O 0 26

X-Ray Spectroscopy

The K X-ray absorption ejects
an electron from the 1s orbital.

The position of the X-ray edge

is sensitive to the oxidation state

of the metal. X-ray Absorption
Near Edge Spectroscopy (XANES).

Microprobe can evaluate distribution.

Other edge features can give
structural details.
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Simulated XANES Spectra
for Iron in Wood Pulp

pre-edge: 1s-3d ev

Pulp samples and
results of XANES

Sample Fe % removed XANES ev

Sawdust ~ 35 ~ 50% -1.5
untreated 13 0 -0.5
Acid 10 23 -0.5
DTPA 11 15 -2.0

Fe(II) standard -4.5
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Conclusions

® Acetylacetone (2,4-pentanedione) can be
used to remove iron from wood pulp, but
offers little advantage over conventional
methods.

® Fluoride ions do not appear to significantly
improve iron removal relative to an acid wash.

e Jron acetyacetonate complexes can be distilled
from the acid wash filtrates, but the manganese
complexes are not volatile.

Recommendations for future work:

® Evaluate methods to distill manganese
from acid wash filtrates.

e Continue to evaluate other methods to
remove iron from wood pulp.

® Continue X-ray spectroscopy to determine
the nature of hard-to-remove iron.
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Sulfur-Free Selective Pulping

® Project Number: 3661
® FY96-97 Budget: $280,000 (DOE)
® Project Staff: Donald Dimmel, Michael Savidakis

® Ojective: To produce a low-cost catalyst which,
when used in pulping systems, will increase
pulping rates and yields, while reducing the
dependence on sulfur additives. The process is
based on the conversion of inexpensive lignin to a
useful quinone-type catalyst.

Sulfur-Free Selective Pulping

Current Status

® Can Produce ~$3.00/Ib Catalyst from Lignin
® Target is ~$1.00/1b

® Principal Cost Factor is the Low Yield of the
Catalyst Mixture obtained from Lignin

@ Focus has been on Optimization of the Synthesis
Yield and Demonstrating the Effectiveness of the
Catalyst Mixture in Pulping Studies

113



Sulfur-Free Selective Pulping

Processing Steps

CHZOH

] H3C

?H
- CHX Oxlda.hon
——cns
(CH;0) OCH, g g EHSOH
(CH;0) OCH,

9 DMBQ = two OCH , groups 2,6-and 2,7-d1methy1 AQ

& MMBQ = one OCH, group

Lignin

Sulfur-Free Selective Pulping

NO, Oxidation Results
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Sulfur-Free Selective Pulping

Approaches to Improved Yields

® Isolate a Lower Molecular Weight Lignin
® Fragmentation of the Lignin Prior to NO, Oxidation

@ Recycling of NO, Oxidation Liquors for Subsequent
Oxidations

Sulfur-Free Selective Pulping

Recent Research Areas

® Optimization NO, Oxidation Yields
® Elucidation of the NO, Oxidation Mechanism
@ Investigation of Alternative Oxidants for NO,

® Evaluation of Dissolved Hardwood Lignins from
Different Pulping Processes and Times

® Examination of Lignin Fragmentation by
Acidolysis, Amines, and Laccase/ABTS

® Evaluation of DMAQ in Pulping Experiments
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Sulfur-Free Selective Pulping

NO, Oxidation of Syringyl alcohol

% Yield °
DMBQ

Oxidant (equiv)

Sulfur-Free Selective Pulping

NO, Oxidation of Syringaldehyde

% Yield
DMBQ

Oxidant (equiv)
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Sulfur-Free Selective Pulping

Oxidation of Kraft and Soda/AQ Lignins

B K3l g Soda/AQ

% Yield
DMBQ

0 min/170°C 15 min/ 170°C 30 min/ 170°C 90 min/ 170°C
Pulping Conditions

Sulfur-Free Selective Pulping

Oxidation of Organosolv Lignins

% Yield
DMBQ

60 min/ 175°C 0 min/ 199°C 66 min/ 195°C
Pulping Conditions

0min/175°C
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Sulfur-Free Selective Pulping

Oxidation of Steam Exploded Lignins

- % Yield
DMBQ

log Ro

Sulfur-Free Selective Pulping

Soda/Catalyst Pulping

@ Kappa Number g % Yield

AQ DMAQ Mixture Mixture Mixture Mixture
(0.10%) (0.05%) (0.08%) (0.10%) (0.12%) (0.14%)

Additive
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Sulfur-Free Selective Pulping

Kraft/Catalyst Pulping

@ Kappa Number g % Yield

50

40

30

20

AQ AQ ' AQ DMAQ  DMAQ DMAQ
(0.025%) (0.05%) (0.10%) (0.0125%) (0.025%) (0.05%)
Additive

Sulfur-Free Selective Pulping

Polysulfide/Catalyst Pulping

@ Kappa Number g % Yield

50

40

30

20

AQ (0.10%) DMAQ (0.025%) ‘ DMAAQ (0.05%) DMAQ (0.10%)
Additive
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Sulfur-Free Selective Pulping

Summary

® Lower Molecular Weight Lignins will Reduce the Cost
of the Catalyst

® Efficient Lignin Fractionating Techniques are Needed

S DMAQ is Twice as Effective as AQ in Soda/AQ and
Kraft/AQ Pulping

® DMAQ may be up to Four Times as Effective as AQ in
Polysulfide/AQPulping

® Non-DMAQ Catalyst Mixture Components are Inactive

Sulfur-Free Selective Pulping

Future Studies

® Determine the Bleachability and Paper Properties of
Catalyst-from-Lignin Pulps

® Assess Catalyst Performance in Ext. Delignification

® Develop Lignin Fragmentation Processes, Including a
Catalytic CuO Stage

® Select Diels-Alder Conditions Based on Economic
Considerations

® Complete a New Economic Evaluation of the Process

120



U] AAUDY]
sueif J9 ueIf
A30j0uyoa | pub 20ua10§ 12dbJ JO aIN1ISUJ
YSNOUO(IITAl SewoY I, pue seysnegey] 11y ‘SSe0d 13)9d

AyMiqeyaed|g
ding pue 2anjona)g urusI|
[enpIsdY udIMldg digsuonedy

121



122



COID SpIemol AJTANOBAI

S} QOUSN[JUI [[IM 2INIONI)S S UTUSI] [BNPISTY —
uon eI IuUII[OP
JO JU9IX3 ) pue suonipuod Surdind

AQ PadUaN[JUI ST 2INJONIS UTUSI] [eNPISY —

‘01D %001 3utkojduwa A)yIqetora|q
U0 UONBdJTUII[Op POpuUIXd Jo 1oedw] .

punoJisyoeyq

123



ectives

© p—n

-
<

b

Rresearc

oo o®
- Q ¢
CiD q) EL o
e =
VD < <
e o oD
G QO =
Q E; ‘_8
=T
D o
85«

)
5 -2

o~
Q 9 -
= O <
> )
’,:; Eq . E
O Q ~
= an &
O < =
: . v—: "5
R
» '-s ‘Fq
gg Q) %
R '?_f O

ol P
Cl < O

124

=
25
- s
S o
s o
S -8
0 p)

O B
o
‘-(3 p—
O
= =3
Q O
S @
Lo
O S
oy

5 2
D) 3
(—-4

— g;
25
< Q
:3
4D j:j
oY @?h
®

b | o4 @
[ 4

bieachability

-

-

, 10

O

I

ds C

towar



(2861) pv3uiia5)

£

[GEZ =H) »
payaoa-To (YT =H) ¥

[(30] Jequnu oddoy

125



Problem analysis
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